Abstract-Atomic force microscopy methods are used to study calcium phosphate coatings that are formed on surfaces of various materials, which are used in medicine, by radio frequency magnetron sputtering of a hydroxyapatite target. The roughness parameters and values of the surface potentials of metal, polymer, and hybrid substrates are determined in a semicontact regime. Calcium phosphate coatings increase the roughness of surfaces of polymer and metal materials, thus presenting a stimu lating factor for the attachment and proliferation of osteogenic cells. Using the Kelvin method, it is shown that calcium phosphate coatings change the surface potential of substrates.
INTRODUCTION
At present, one of the most promising classes of materials for biology and medicine includes composite and hybrid substances that consist of polymer or metal substrates with calcium phosphate coatings, which are produced by ion plasma methods, in particular, magnetron sputtering of a calcium phosphate target [1] [2] [3] .
Radio frequency magnetron sputtering (RFMS) is widely used in microelectronics for depositing films with complex chemical compositions without changes in their stoichiometry. The method is based on material sputtering in a vacuum due to the bombardment of the target surface by ions of a working gas (mainly argon), which are produced in anomalous glow discharge plasma when a magnetic field is applied to it [4] . In this case, the problem of biocompatibility of hybrid and polymer materials is quite urgent in medical material science and engineering of biological tissues.
When an implant is integrated with living tissues, a special role is played by its surface [5] , whose important characteristics are the roughness parameters of the implant surface that determine the possibil ity of integration of tissues with the surface of an implanted device [6] . At the same time, some authors point to the electrical characteristics of the surface of the implanted device and show the key role of bio electrical signalization on the processes of migration, proliferation, and differentiation of cells [7, 8] . Therefore, the problem of studying the properties of hybrid surfaces is urgent.
Modern technologies allow using the unique possibilities for studying the properties of surfaces. The intensive development of the atomic force microscopy (AFM) methods made it possible to obtain infor mation on the most important characteristics of surfaces, such as the relief, electrical properties, and mechanical properties at the micro and nanoscale. The most important advantages of this method are the relative simplicity of the preparation of a specimen for measurements and the high sensitivity and infor mation content of the AFM methods. The latter is especially important in studies aimed at obtaining information on polymer, composite, and hybrid biomaterials [9] . This study was aimed at the investigation of properties of metal, polymer, and hybrid surfaces at the microscale using AFM methods.
MATERIALS AND METHODS
Several types of specimens, which are conventionally divided into groups I, II, III, and IV, were pre pared for studying the properties of metal, polymer, and hybrid surfaces at the microscale by the AFM methods. The specimens of group I were plates of the BT 6 titanium alloy with dimensions of 20 × 20 × 3 mm, which were first mechanically polished using GOI paste.
Specimens of group II were prepared similarly to those of group I. In this case, one of the sides of a specimen was coated with a calcium phosphate (CP) coating, which was formed by the method of RF magnetron sputtering of a hydroxyapatite target. The CP coating was deposited using a Cathode 1М industrial instrument, whose chamber contained a standard RF magnetron source powered by an RF gen erator at a maximum power of 4 kW and an operating frequency of 13.56 MHz. The following technological conditions were chosen for depositing CP coatings: a preliminary pressure in the chamber of 5 ×10 -5 Pa; an operating Ar and O 2 pressure of 3 × 10 -1 Pa; a specific RF power of ~20 W/cm 2 ; and a deposition time of 2 h. In order to determine the specimen thickness, a part of the substrate was masked so that a coatingsubstrate interface could be formed. The coating thicknesses were determined on a Talysurf 5 mechanical profilometer (Tyler Hobson, England) by the step method. The thickness of the formed CP coating was 0.8 ± 0.02 μm for the selected sputtering parameters.
The specimens of group III were prepared similarly to those of group I. In this case, one of the sides of a specimen was coated with an acetone solution of a copolymer of tetrafluoroethylene with vinyliden flu oride (TFE/VDF) by the pneumatic deposition method. A part of the specimen was masked to form a coating-substrate interface. The specimens with the deposited polymer coatings were then placed in an ITM 50.1100 chamber type electric furnace (ITM, Tomsk), in which, in order to remove the remainder solvent and finally form a coating, the specimens were heated to T = 200°C. The thicknesses of coatings were determined on a Talysurf 5 mechanical profilometer by the step method. The thickness of the formed polymer coatings was 5 ± 0.4 μm.
Specimens of group IV were prepared similarly to those of group III. After this, the surface of the formed TFE/VDF polymer was modified by forming a CP coating by the RFMS method in the same technological regimes as the specimens of group II. For the selected sputtering parameters, the thickness of the formed CP coating was 0.8 ± 0.02 μm.
The surfaces of specimens were investigated using a Solver HV (NT MDT) industrial atomic force (AF) microscope, which allows measurements of the surface relief, the surface potential distribution, and its phase contrast [9, 10] . Measurements were performed in air under normal conditions in the semicon tact operating regime using the two pass technique. Figure 1 shows a schematic diagram of the AF microscope operation in the two pass regime. The oper ation in the semicontact regime was performed using NSG11 cantilevers with a 10 nm radius of the probe tip curvature and a concentration of the doping impurity of 5 × 10 20 cm 
